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Abstract To understand the mortality rates and associated factors of overwintering larvae of 
the nymphalid butterfly, Sasakia charonda, we counted the number of dead larvae in the 
following categories of plots on the floor of a coppice from late November to the end of March; 
plots covered with mesh nets to prevent predation by natural enemies, a plot where fishing 
sinkers were put on dead leaves used as an overwintering site by larvae to prevent the leaves from 
being moved by any physical factors such as wind, and a control plot. To estimate the moving 
distance of dead leaves used by overwintering larvae, we put lead sinkers of the equivalent weight 
of one, two, or three larvae on dead leaves, which were marked on one side with paint, and set 
on the floor of the coppice in late November. Then the distance the dead leaves moved was 
measured at the end of March in the following year. To reveal the cold hardiness of the larvae 
during the first half of the overwintering season, the larval survival rates when the rearing 
temperature was lowered from SC to 0'C, —5'C and —10°C, gradually or rapidly, were 
investigated. To estimate the effects of frequency of water supply to the dead leaves used by 
larvae on larval survival, the survival rates were researched by varying the water supply, i. e. 
supplying water every day, once in four days, seven days, fifteen days, thirty days, or not at all. 
From these results, we examined the mortality factors of the larvae of S. charonda during 
overwintering. 
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Introduction 


To obtain fundamental information for more effective conservation of S. charonda in the 
future, we investigated the mortality factors of eggs and immature larvae before overwintering 
(Kobayashi & Inaizumi, 2002), or overwintered mature larvae (Kobayashi & Inaizumi, 1999, 
2000) However, in these reports, the mortality rates and characteristics of larvae during 
overwintering were not determined. 


The larvae of S. charonda overwinter on the back side of dead leaves near the roots of the 
host tree, Celtis sinensis. During overwintering, the larvae are likely to be crushed to death 
by snow (Fukuda et al., 1983), or killed by temperature fluctuations at the overwintering site 
(Iwasaki & Muraoka, 1993). Arthropods such as spiders, ants, or wasps may play an 
important role in the mortality of immature larvae of this butterfly (Kobayashi & Inaizumi, 
2002). The possibility that dead leaves used by larvae as an overwintering site might be 
moved from the roots of host trees by physical factors such as wind has been reported 
(Fukuda et al., 1983; Higuchi, 1996). However, we could not find any reports that reveal 
experimentally whether these factors affected the rates of larval mortality or disappearance 
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during overwintering. 


To understand the mortality rates and associated factors of overwintering larvae of S. 
charonda, based on the number of dead larvae in plots covered with meshnets to prevent 
predation by natural enemies on the floor of a coppice, a plot where fishing sinkers were put 
on dead leaves used as an overwintering site by larvae to prevent the leaves from being moved 
by any physical factors such as wind, and a control plot, we examined the effects of predators 
on larval survival, and the effects of physical factors such as wind on the disappearance of 
larvae. At the same time, the rates of larval mortality in the laboratory under various 
conditions such as low temperature treatments or varying frequency of water supply to dead 
leaves where larvae overwintered were researched. 


Materials and methods 
I. Field experiments 


1. Experimental plots 


Five plots (45 cm around) to research the natural mortality rates and three plots (45 cm 
around) to estimate moving distance of dead leaves used by larvae as overwintering sites were 
set on the edge of a broadleaf deciduous secondary forest, where Chinese hackberry ( Celtis 
sinensis, host trees of S. charonda) grow, in a farm run by Utsunomiya University in 
Shimokomoriya, Mooka City, Tochigi Prefecture (Fig. 1). Four Chinese hackberry trees 
grew near the plots, and larvae of S. charonda were found near the roots of these trees in late 
November of 1994, 1995, 1996 and 1997 (Kobayashi & Inaizumi, 1999). In the five plots for 
researching the natural mortality rates, floor plants were mowed and dead leaves that had 
accumulated were removed in late November, 1999. 
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Fig. 1. Map of the location of Chinese hackberries (Celtis sinensis) and surrounding trees, and 
each experimental plot. 
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Fig. 2. Overview of each experimental plot. 


2. Natural mortality rates and factors 


S. charonda caught near the plots were reared in successive generations, and we had 250 
fourth instar larvae by 19 November, 1999. To get dead leaves used at the five plots, 500 
10X4 cm leaves were collected from the canopy of a tree of Q. serrata which was growing at 
the farm on November 10, 1999, and then were dried at 80°C for 24 hours. The reason why 
we used dead leaves of Q. serrata was that Q. serrata was the dominant species in the forest 
near the plots, and the percentage of dead leaves was higher for Q. serrata than for the other 
plant species accumulated on the floor of the forest, and some larvae of S. charonda, which 
overwintered at the roots near the experimental plots, used the dead leaves of Q. serrata as 
their overwintering sites. Woody frames (45 cm around and 10 cm high) were buried 3 to 
4 cm in the ground in four of the five plots. One of the four plots was covered with a 40 
mm meshnet to keep out large enemies such as birds (40 mm mesh plot), while another one 
was covered with a 5 mm meshnet to keep out both large- and middle-sized enemies such as 
wasps and frogs (5 mm mesh plot) (Fig. 2). In one of the other two plots we put fishing 
sinkers on dead leaves to prevent the leaves from being moved by any physical factors such 
as wind (sinker plot), and made the other one a control plot. Each sinker used in the sinker 
plot was weighed 80 g and was tied to the stem of the dead leaf with fishing line. To prevent 
larvae leaving the plots, we installed 72 cm wide tanglefoots outside the woody frames in 
each plot. In the last plot, to prevent large, middle and small-sized enemies such as ants and 
spiders and any enemies invading the plots through the soil, we buried woody frames whose 
bottoms were covered with a 1 mm meshnet 3 to 4 cm in the ground. Then we sterilized the 
soil by heating it in the frame and covered the top of the frame with a 1 mm meshnet (1 mm 
mesh plot, Fig. 2). 


On November 10, 1999, 100 dried dead leaves of Q. serrata and 50 larvae were put into each 
plot, and the number of surviving larvae was counted on November 30, and December 31, 
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1999, and January 31, and March 2, 28 in 2000. The viability of individuals was decided by 
color and shape of the larvae; individuals whose segments had gone slack, become dried and 
hardened, and/or which had turned black were considered to be dead. 


3. Possibility of movement of dead leaves used by larvae as an overwintering site 


To estimate how far the dead leaves used by larvae as an overwintering site were moved 
during the overwintering, on November 10, 1999, we collected 30 fourth instar larvae of S. 
charonda from a tree canopy of Chinese hackberry near the experimental plots and measured 
the body weight of each larvae on the electron scale. The average weight of larvae and SD 
were 0,085+0.006 g. On November 10, three hundred 10X 4 cm leaves were collected from 
the canopy of a tree, Q. serrata, and dried at 80°C for 24 hours. 


In research on natural mortality rates and factors (I-1), the number of overwintering larvae 
attached to a dead leaf ranged from O to 3 in the five plots on November 30. So, we 
numbered the dead leaves with paint, divided them into three groups of 100 leaves each, and 
attached lead sinkers equivalent to the weight of one (0.085 g), two (0.170 g), or three (0.255 
g) larvae to each group of dead leaves with glue. The dead leaves in each group were put 
in three plots to research the moving distance of dead leaves used by the larvae for overwinter- 
ing on November 21, 1999. In these plots, we noted whether or not the marked dead leaves 
were still there on April 2, 2000. 


II. Experiment in the laboratory 


1. Preparation of larvae used for the experiment 


On November 10, 1999, a total of 300 larvae were collected from about 10 Chinese hackberry 
trees near the Utsunomiya University’s experimental farm. These larvae were put into a 
plastic case with dead leaves and reared under a constant temperature of 5°C. 


2. Death by low temperature 


The effects of low temperature in the field on larval mortality rates were investigated by 
lowering the rearing temperature, gradually or rapidly. The rearing temperature was lowered 
in increments of 5°C every 48 hours (Treatments 1-6), or lowered from 5°C to —5 or — 10°C 
rapidly (Treatments 7 and 8) (Table 1). Treatments 1-6 were started on December 10, 1999 
and treatments 7 and 8 on December 15, 1999. Fifteen larvae were used in one treatment. 


Fifteen larvae used in each treatment were put with dead leaves into a laboratory dish having 


Table 1. Pattern of treatment of low temperature. 











Time after the onset of experiment 

















Treatment 
Oh 24h 48h 72h 96h 120h 144h 
1 SC OC 
2 SC oc oc 
3 SC QC oc —5C 
4 FC 0C oc —5C —SC 
5 SC oc oC SC —9C -10C 
6 SC oc oc —SC 一 ダ C —10C —10°C 
7 SC — SC 
8 SC —10°C 
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a diameter of 9 cm and a height of 2cm. To prevent larvae from being ice-inoculated by 
water drops, a tablespoon of silica gel was put into the laboratory dish. After the comple- 
tion of the experiment, all larvae and laboratory dishes were removed to a 20'C room, then 
24 hours later the number of the dead larvae were counted. 


The viability of each larva was decided by observing whether the larva moved or not when 
it was picked with a pair of tweezers. Daily low temperature and precipitation during field 
experiment 1 (from November 19, 1999 to March 27, 2000) were obtained from the weather 
data at a meteorological observatory near the study site. 


3. Mortality rates of larvae in relation to water supply in dead leaves 


One hundred eighty of the larvae collected in II-1 were divided into 6 groups of 30 larvae 
each, and each group was put into a plastic case (25X 18X 9 cm) with dried dead leaves of 
Q. serrata weighing a total of 15 g. To improve the ventilation of a case, a rectangular hole 
(10X 15 em) was made 1n the lid of each case, and then each hole was covered with a 1 mm 
meshnet. The larvae in 6 cases were reared at a constant temperature at 5°C from November 
20, 1999 to March 28, 2000. One of the 6 cases was supplied with water everyday, another 
was once in four days, another was once in seven days, another was once in fifteen days, 
another was once in thirty days, and the last one was not given any water at all. The volume 
of water per supply was ten sprays (6 g), which was sprayed on the dead leaves in the cases. 
The number of surviving larvae in each case was counted on November 30 and December 31 
in 1999, and on January 31, March 2, and 28 in 2000. 


Results 
I. Field experiments 


1. Rates of mortality or disappearance of overwintering larvae 


Survivorship curves in the five plots are shown in Fig.3. In all plots, while the rate of 
decrease of individuals was low from late November to the end of December (the number of 
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Fig.3. Survivorship curves of overwintering larvae of S. charonda. 
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dead larvae per day per plot was 0.08 from November 20 to December 31), it increased from 
January to March (the number of dead larvae per day per plot was 0.15 from January | to 
31; 0.14 from February 1 to March 2; and 0.13 from March 3 to 28.). No predators were 
found and no larvae of S. charonda were found in the tanglefoots painted on the outside of 
the woody frames in four plots, except for the 1 mm mesh plot. The number of surviving 
individuals in all plots was similar on each observation date, and the survival rates at the end 
of the experiments ranged from 64% to 70%. The difference in survival rate among the plots 
was not significant on each observation date (y?-test, November 30, P=0.25; December 31, 
P=0.29; January 31, アテ 0.46: March 2, P=0.30; March 28, P —0.85). 


The number of dead leaves in the control plot did not decrease noticeably. On each 
observation date we also found that many of the dead leaves that had accumulated on the 
forest floor near the plots had not been blown away by the wind. Many shrubs such as 
Lonicera gracilipes, Ligustrum obtusifolium and Pleioblastus chino were found on the floor of 
the forest near the plots, and many dead leaves had became intertwined in each other’s saw 
teeth. 


2. Possibility of movement of dead leaves used by larvae as an overwintering site 
All dead leaves with sinkers put into the three plots were recovered from the plots on April 


2, 2000. 


II. Experiment in the laboratory 


1. Death by low temperature 


The survival rates in eight low temperature treatments ranged from 9396 to 10096, and one dead 
larva was found in treatments 5 and 7 (Table2). The difference among the treatments were 
not significant (y?-test, P—0.41). The bodies of all dead larvae were soft and they were not 
frozen. 


While daily minimum temperature at Mooka City during the field experiment (from 
November 19, 1999 to March 27, 2000) ranged from —9.3'C to 7.6°C (Fig. 4), daily maximum 
temperature ranged from 3.2°C to 18.3°C. While daily minimum temperature during the 
laboratory experiment in December, 1999 ranged from —8'C to 2.5°C (Fig. 4), the daily 
maximum temperature ranged from 6.3°C to 14.9°C. 


2. Mortality rates of larvae in relation to frequency of water supply to dead leaves 


The numbers of larvae surviving in the six treatments of water supply are shown in Fig. 5. In 


Table2. Rates of survival of wintering larvae for various low temperature treatment. 

















Treatment No. of larvae used No. of survival Rate of survival (96) 
1 15 15 100% 
2 15 15 100% 
3 15 15 100% 
4 15 15 100% 
5 15 14 93% 
6 15 15 100% 
7 15 14 93% 
8 15 15 100% 
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Fig. 4. Daily minimum temperature and precipitation at Mooka City during the study period. 
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Fig.5. Survivorship curves for larvae overwintering in dead leaves given one of six different 
watering treatments. 


all treatments, the rate of decrease was low until the end of January, when it started to rise. 
There was little difference in the number of surviving larvae among the treatments until the 
end of January; however, after that the numbers in the treatments where water was not 
supplied at all and supplied once in thirty days became less than in the other treatments. 
The difference in survival rates among the treatments was not significant on November 30, 
December 31 and January 31 (x?-test, November 30, P=1.00; December 31, P=0.14; 
January 31, P — 0.82), but was significant in the late stages of the experiment, on March 2 and 
28 (x?-test, March 2, P «0.05; March 28, P « 0.05). 


The intervals between rainy days during the research for the natural mortality rates ranged 
from 1 to 34 days (Fig. 4) and the average interval was 8 days. There was no rain for the 
33 days from December 2 to January 4. However, there were more rainy days from January 
5 to 12, and there were 3 days when the amount of rainfall was more than 10mm. Then it 
never rained during the 20 days from January 18 to February 6, the 22 days from February 
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9 to March 1 and the 12 days from March 3 to 14. Moreover, the precipitation recorded on 
February 7, 8 and March 2 was minuscule, ranging from 1 to 2 mm. From March 15 to 27, 
rainy days increased, and there were 3 days when the precipitation was more than 10 mm (Fig. 
4). 


Discussion 


In the field, the difference in survival rates between the 1 mm mesh plot and the others was 
not significant (Fig. 3), and no larvae of S. charonda were found in the tanglefoots painted 
on the other four plots. So, few if any larvae were assumed to have moved toward the 
outside of the plots by themselves. 


Wandering spiders are one of cause of the mortality factors of immature and mature larvae 
of S. charonda (Kobayashi & Inaizumi, 1999, 2000, 2002), and Kang & Kiritani (1978) 
reported that some nymphs of the green rice leafhopper (Nephotettix cincticeps Uhler) were 
eaten by spiders in winter. However, in this field experiment, the difference in the survival 
rates of the larvae among the 1, 5 and 40 mm mesh and control plots was not significant (Fig. 
3) Therefore, mortality of overwintering larvae of S. charonda caused by predators in this 
study site may be negligible. In a previous study overwintering larvae of the pine-moth, 
Dendrolimus spectabilis were found to have been killed by a disease (Kokubo, 1971), but we 
do not know if this was the case for larvae of S. charonda. 


The difference in the survival rates between the sinker and control plots was not significant 
(Fig. 3. All numbered dead leaves with the sinkers were retrieved from the plots where they 
were put into. Fukuda et al (1983) and Higuchi (1996) reported that larvae on dead leaves 
may have been moved from the roots of host trees by physical factors such as winds. 
However, the dead leaves that accumulated in or near the plots became intertwined in each 
other's saw teeth. And many shrubs were found on the floor from the forest edge to inside 
areas near the experimental plot. Generally, larvae of S. charonda were not found on the 
top of the litter layer but below some dead leaves. Therefore, it appears that the dead leaves 
used by larvae in this study site were seldom likely to be moved by physical factors such as 
wind. 


The low temperature experiment in the laboratory were conducted in December, the first half 
of the overwintering season of S. charonda. Thus, this experiment was designed to clarify 
the larval tolerance to low temperature in the first half of the overwintering season. The 
larval survival rates did not differ significantly when the rearing temperature was lowered 
to —10°C, slowly or rapidly (Table 2). The minimum daily temperature during the experi- 
ment (December, 1999) was —8'C. Hoshikawa (1996) reported overwintering larvae of S. 
charonda in Hokkaido froze at —7°C if they became ice-inoculated. Because it is difficult 
to consider that the dead leaves in the litter layer in the field are always dry, larvae of this 
species are likely to overwinter where ice-inoculation can easily occur. But the frozen larvae 
were able to tolerate down to —9°C for 24 hours (Hoshikawa, 1996). The maximum daily 
temperature in December ranged from 6.3°C to 14.9°C, so there were no days when the 
temperature stayed below zero all day long. The temperature of the winter habitats of insects 
often changes on a microscale, such as above the plant body, on the soil surface and in the 
soil (Bale, 1987). Temperature of a litter layer seldom drops lower than —3°C in Sapporo 
(Hoshikawa, 1981), where the temperature in winter is lower than on the plain in Tochigi 
Prefecture. Therefore, in this study site, the number of larvae that were killed by low 
temperature in the first half of the overwintering season might be very small. 
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The larval survival rates at the end of the experiment changed significantly in relation to water 
supply (Fig. 5). The degree of dampness of dead leaves used by overwintering larvae has 
been considered to be a factor that affects their survival (Iwasaki & Muraoka, 1993). This 
hypothesis has been based on two results of field observations: 1) There were more larvae 
overwintering on the northern side of the roots of the host trees than at any other site 
(Takeuchi, 1990; Iwasaki & Muraoka, 1993), possibly because the northern side undergoes 
the least fluctuation in temperature and humidity, and 2) overwintering larvae have often been 
found at host trees where there was little change in temperature because there was no direct 
exposure of roots to sunlight (Mori, 1975) and on trees that grow in the moist soil of valleys 
(Iwasaki & Muraoka, 1993). In this experiment for water supply, we could not clarify the 
degree of dampness of dead leaves in relation to the location of host trees or the direction of 
the root of the host and the effects of these on changes in larval mortality rates. However, 
it is clear that at least the survival rates of overwintering larvae were affected by the water 
available to the dead leaves used by the larvae. The water availability may affect 1) the 
humidity in the litter layer; 2) the respiration of moisture from the larval body surface; and 
3) respiration of moisture from the mouth. 


After February, larval survival rates differed significantly among the water supply treatments 
(Fig. 5). This would explain why the survival rates in the treatments of once in thirty days 
or no water at all were lower than in the others. The number of dead larvae in the field from 
January to March was more than from November to December (Fig. 3). These declines in 
the rates of survival were similar to the same kinds of treatments in the laboratory (Fig. 5). 
While average interval between rainy days during the field research for the natural mortality 
rates was 8 days, there were heavy rains only at the beginning of January and from the first 
to the middle of March. There were three intervals, when there was no rain for more than 
20 days. Therefore, the higher larval mortalities in the latter half of the overwintering season 
may have been affected by the frequency of water supplied to dead leaves by rain. 


However, in daily treatments of water, or treatments once in 4, 7, or 15 days, the number of 
dead larvae also rose from January to March (Fig. 5). Because the rearing temperature was 
maintained at 5°C in the water supply experiment, larval mortality rates could be affected by 
other factors concerned with overwintering sites such as low temperature over long periods 
as well as the frequency of water supply to dead leaves. In the future, we will need to 
determine the supercooling point, and the timing of awakening from winter dormancy of 
larvae, as well as clarify the resistance to low temperature in the latter half of the overwinter- 
ing period and the effects of low temperature on larval survival after the bodies of larvae are 
wetted by rain. 


Larval mortality rates in the 5 plots in the field at the end of the research period ranged from 
30 to 36%. These figures were much lower than the rates from first to second instar (more 
than 90%), from third to fourth instar (more than 80%) (Kobayashi & Inaizumi, 2002) and 
from fourth instar (overwintered) to adult emergence (more than 9096, Kobayashi & Inaizumi, 
1999, 2000). Generally, the mortality rates of insects during overwintering were supposed to 
be lower than during the other development periods, so as not to affect the density of insects 
(Sakagami et al., 1984). This hypothesis may be applicable to S. charonda. Based on the 
experiment in this study, one of the mortality factors of overwintering larvae of this species 
may be the frequency of water supplied to the dead leaves used by the larvae. In the future, 
we will need to conduct experiments in which the patterns of water supply are different; for 
example, water is supplied to the mouths of overwintering larvae by syringe; supplied to the 
body surface with the mouth shut; and/or supplied to the abdomen with dead leaves moist. 





NII-Electronic Library Service 


The Lepidopterological Society of Japan 


Mortality Factors of the Giant Purple Emperor 29 


Acknowledgments 


We wish to express our sincere thanks to Drs Takeo Tanimoto, Hikaru Kitahara, Takenari 
Inoue and Masanobu Yoshio for their useful comments on the manuscript. We wish also 
to express our sincere thanks to Mr Masahide Matsumoto for his useful guidance on the 
hand-pairing method of S. charonda. We wish also to express our thanks to Messrs 
Hiromichi Obata, Kouichiro Henmi, students at the Laboratory of Applied Entomology in 
Utsunomiya University at that time, for their useful suggestions for this study. 


References 


Bale, J. S., 1987. Insect cold hardiness: freezing and supercooling-an ecophysiological perspective. J. 
Insect Physiol 33: 899-908. 

Fukuda, H., Hama, E., Kuzuya, K., Takahashi, A., Takahashi, M., Tanaka, B., Tanaka, H., Wakabayashi, 
M. & Y. Watanabe, 1983. The Butterflies of Japan 2: 269-276. Hoikusha, Osaka. (In Japanese). 

Higuchi, Z., 1996. The wide-eyed view of nature is our must. Nature Insects 31(7): 9-12 (in Japanese). 

Hoshikawa, K., 1981. Notes on adult hibernation of Epilachna admirabilis, with special reference to 
comparison with larval hibernation (Coleoptera: Coccinellidae). Low Temp. Sci. (B) 39: 9-20. 

, 1996. Ice-inoculation avoidance in hibernating larva of Apatura metis (Lepidoptera: 
Nymphalidae). Trans. lepid. Soc. Japan 47: 278-284. 

Iwasaki, I. & H. Muraoka, 1993. Distribution of Sasakia charonda Hewitson in the southern part of 
Kyushu and consideration of the southern limit in Japan. J. Mus. cult. Instns Miyazaki Pref. 18: 1- 
19 (in Japanese with English summary). 

Kang, J. & K. Kiritani, 1978. Winter mortality of the green rice leafhopper (Nephotettix cincticeps Uhler) 
caused by predation. Jap. J. appl Ent. Zool. 4: 243-249 (in Japanese with English summary). 
Kobayashi, T. & M. Inaizumi, 1999. The rate and factors of mortality from the completion of overwinter- 
ing in larvae to emergence of adults in a nymphalid, Sasakia charonda (Hewitson). Jap. J. Ent. 

(N. S.) 2: 57-68 (in Japanese with English summary). 

, 2000. Change of the mortality rates and factors of larvae after hibernation and pupae of a 
nymphalid butterfly, Sasakia charonda (Hewitson), in relation to size and community structure of the 
forest surrounding the host plants. Jap. J. Ent (N.S.) 3: 125-138 (in Japanese with English 
summary). 

, 2002. Difference in mortality rates and factors of immatures before overwintering of the 
nymphalid butterfly, Sasakia charonda (Hewitson), in relation to vegetation shift surrounding the 
host plants. Jap. J. Ent. (N. S.) 5: 35-49 (in Japanese with English summary). 

Kokubo, A., 1971. Mortality factors of the pine-moth, Dendrolimus spectabilis Butler in the suburbs of 
Chiba City. Jap. J. appl Ent. Zool. 15: 203-210 (in Japanese with English summary). 

Mori, K., 1975. Ecology and Breeding of the Giant Purple Emperor, Sasakia charonda. 100 pp. New 
Science, Tokyo. (In Japanese). 

Sakagami, Sh. F., Hoshikawa, K. & H. Fukuda, 1984. Overwintering ecology of two social halictine bees, 
Lasioglossum duplex and L. problematicum. Researches Popul. Ecol. Kyoto Univ. 26: 363-378. 

Takeuchi, N., 1990. Observation of overwintering larvae of Sasakia charonda. Nature Insects 25 (3): 
31-32 (in Japanese). 


摘 要 
栃木 県 真岡 市 に お ける オオ ムラ サキ 幼虫 の 越冬 期 の 死亡 要因 COREA - FRR ESL) 


オオ ムラ サキ の 幼虫 の 越冬 期 の 死亡 率 と その 要因 を 明らか に する 試み の 一 つと し て , 栃木 県 真岡 市 に 
お いて 1999 年 11 月 下旬 か ら 2000 年 3 月 末 に か け て 以下 の 実験 を 行っ た . 幼虫 が 越冬 し て ぃ る 林 床 
の 枯葉 に , 天 英 の 捕食 活動 を 防 目 する た め の 1mm, 5mm, 40mm メッ シュ の ネッ ト を 地表 に 被せ た 
pc 風 な どの 物理 的 要因 に よる 枯葉 の 移動 を 防ぐ た め に 枯葉 に 重り を つけ た 区 , お よび 無 処理 区 を 設 
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けた . いずれ の 区 に お いて も 死亡 個体 数 は 11 月 下旬 か ら 12 月 末 ま で は 少な か っ た が , MEEBO 1-2 
月 に は 増加 し た . 調査 終了 時 の これ ら 3 つの 試験 区 で の 幼虫 の 生存 率 は 64- 70% で , 全て の 調査 日 に 
お いて 試験 区 間 の 生存 率 の 差 は 有意 で な か っ た . ペン キ で 標識 を 付け た 枯葉 に , 越冬 幼虫 1 個体 , 2 
個体 , 3 個体 に 相当 する 重り を つけ , 11 月 下旬 に 林 床 に 設置 し , 翌年 3 月 に 再 確認 し た と ころ , 枯葉 
は すべ て 設置 し た 地点 か ら 見 つか っ た . 調査 期間 中 の 真岡 市 に お ける 最低 気温 は 9.3*C, 12 HOR 
低 気 温 は 一 8C で あっ た . 越冬 期 前 半 (12 A) の 越冬 幼虫 を 室温 $C か ら 一 5, 一 10C ま で 徐々 に 低下 
させ た 条件 , ある い は 急激 に 低下 させ た 条件 に 置い た 場合 の 生存 率 は いずれ も 90% 以上 の 高い 値 を 示 
L, 処理 間 で 有意 な 差 は な か っ た . 幼虫 が 越冬 する 枯葉 に 対す る 給水 頻度 を 実験 的 に 変え た と こる ろ , 
毎日 , 4 日 に 1 度 , 7 日 に 1 度 , 15 日 に 1 度 の 間隔 で 給水 し た 区 で の 幼虫 の 生存 率 は 高い 値 を 維持 し 
た が , 30 日 に 1 度 の 給水 区 , お よび 全く 給水 し な か っ た 区 で は , 3 月 初め より 他 の 区 に 比べ 有意 に 低 
く な っ た . 野外 に お いて 幼虫 の 死亡 率 を 調べ た 期間 に お いて 1 日 当たり 10 mm を 越え る 降水 が あっ 
た 日 は 1 月 上 旬 と 3 月 中 一 下旬 に 限ら れ , 20 日 以上 の 間 降 水 が な い 期 間 が 3 回 あっ た . 以上 の 結果 か 
ら , 越冬 期 に 捕食 者 に よっ て 死亡 する オオ ムラ サキ 幼虫 の 個体 数 , 枯葉 の 移動 に よる 幼虫 の 消失 数 は 
少な く , 低温 に よる 死亡 数 も 越冬 期 前 半 に 関し て は 少な いと 考え られ た . 本 種 幼虫 の 越冬 期 の 死亡 要 
EO 1 つと し て 枯葉 に 対す る 給水 頻度 が 働い て いる 可能 性 が 示唆 され た . 
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